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METHODS AND APPARATUS FOR DATA 
DECODING/ENCODING AND FOR 

SEARCHING FOR/INSERTING STUFFING 
BYTES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of priority to 
US. application Ser. No. 60/867,696 ?led Nov. 29, 2006 and 
US. application Ser. No. 60/867,824 ?led on Nov. 30, 2006, 
the content of Which are hereby incorporated by reference in 
there entirety for all purposes. 

FIELD OF INVENTION 

[0002] The inventions relate to a method and apparatus for 
data decoding, to a method and apparatus for data encoding, 
to a method and apparatus for detecting stuf?ng bytes in 
encoded data, and to a method and apparatus for inserting 
stu?ing bytes into data. 

BACKGROUND 

[0003] The invention has particular applicability to video/ 
audio data encoding and decoding. 
[0004] Digital data is typically transmitted from some type 
of transmitter to some type of receiver. A transmitter typically 
includes an encoder that encodes the data for transmission 
and a receiver correspondingly typically includes a decoder 
that decodes data that it receives. There are many different 
types of digital data, including for example video data, audio 
data, audio/video data, text data, computer-executable pro 
gram data, archival data, database information, and the like. 
When digital data is transmitted, it is typically transmitted in 
(or “on” or “over”) some type of channel, Which may be 
carried Wirelessly or over “Wires” (or cables, etc.). Equiva 
lently, computer memory or any storage device or storage 
medium can be considered a transmission channel for present 
purposes. 
[0005] When digital data is transmitted, it is often impor 
tant to be able to ?nd speci?c points Within the data in the 
channel. This is for various purposes, such as to locate points 
that enable recovery from errors or losses in the transmission 
of the data through the channel, to locate points that enable 
starting of the decoding process at a location other than the 
start of the entire stream, or to locate points that enable 
searching for different types of data that are utilised for dif 
ferent purposes. Thus, for example, on the decoder side, 
decoders and other components that process digital data often 
need to knoW the context of the data so that the data can be 
properly processed. 
[0006] In principle, it might be possible for a decoder to 
start With the ?rst bit that Was sent and then simply track the 
information that Was being sent according to the format of the 
data. Unfortunately, this ideal situation rarely occurs in prac 
tice. For example, errors in the transmission of the data may 
occur, causing drop-out of data and preventing the decoder 
correctly tracking the transmitted data. In other cases, such as 
When tuning into an ongoing broadcast stream of data, the 
decoder can not start at the beginning of the data transmis 
sion. Locating points by data format parsing may also require 
a signi?cant amount of complex processing in a decoder. 
[0007] In many types of channel environments, such issues 
are addressed by providing, in the data, so-called resynchro 
nisation markers. Resynchronisation markers provide a 
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mechanism by Which a system can start its decoding process 
and/ or recover from an error. For example, When digital data 
is streamed as a series of bits or bytes, having resynchronisa 
tion markers in the stream can provide a decoder With a point 
of reference from Which to recover in the event of an error 
occurring in the transmission. 
[0008] One Way that resynchronisation markers can be 
employed is in the context of “start codes”. A start code is a 
string of bits or bytes having a speci?c value. Many systems 
(eg those complying With the H.264 and MPEG-2 video 
coding standards) tend to carry bytes so that start codes can be 
de?ned as a uniquely-valued string of bytes. The unique 
string of bytes provides a pattern the presence of Which indi 
cates a resynchronisation point. A resynchronisation point 
typically indicates the start or boundary of some indepen 
dently decodable amount of data. For example, in H.264 
video data, resynchronisation points can indicate the start of 
a “slice” (i.e. an independently decodable region) of a picture, 
the start of a picture, the start of a “GOP” (i.e. “Group of 
Pictures” or independently decodable sequence of pictures), 
or the start of a neW video sequence. Digital video streams can 
also include so-called ancillary or supplemental data Which 
can be preceded by a start code. (Unless the context requires 
otherWise, as the term “start code” is commonly used in the 
art, the term Will be used herein to include video data start 
codes and other types of resynchronisation marker.) 
[0009] In more detail, in H.264 the video element bitstream 
is de?ned in the form of netWork abstraction layer (NAL) 
units. A NAL unit is a syntax structure containing an indica 
tion of the type of data to folloW and bytes containing that data 
in the form of a raW byte stream payload (RBSP) interspersed 
as necessary With emulation prevention bytes (see beloW). 
The NAL unit could be a sequence header, a picture header, 
and a slice With header and data. In the byte stream format 
described in Annex B of H.264, the start code is de?ned as 
byte-aligned 0x00000l (i.e. tWenty-three 0 bits folloWed by a 
single 1 bit). (A position in a bitstream is “byte-aligned” When 
the position is an integer multiple of 8 bits from the position 
of the ?rst bit in the bitstream.) The byte stream format 
consists of a sequence of byte stream NAL unit syntax struc 
tures. Each byte stream NAL unit syntax structure contains 
one three-byte start code pre?x (0x00000l) folloWed by one 
nal_unit (NumBytesInNALunit) syntax structure. In accor 
dance With H.264 Annex B, decoding the byte stream to yield 
NAL units has the folloWing steps: 
1. ?nd the next 0 byte plus three-byte start code (0x00000l), 
and discard the 0 byte; 
2. discard the three-byte start code; 
3. NumBytesInNALunit is set equal to the number of bytes up 
to and including the last byte preceding one of: a sequence of 
three 0 bytes, the next start code, or the end of the byte stream; 

4. NumBytesInNALunit bytes are removed from the byte 
stream and are decoded using the NAL unit decoding process; 

[0010] 5. When the next three bytes are not a start code 
(otherWise go to step 2) and the next four bytes are not a 0 byte 
plus a start code (otherWise go to step 1), repeatedly discard a 
0 byte until a 0 byte plus a start code are found and then go to 
step 1. 
[0011] The NAL unit is then decoded. 
[0012] As Will be appreciated, it can happen that the data 
that is being transmitted includes by chance a series of bits or 
bytes that is the same as a resynchronisation marker, such as 
a start code. If that occurs, the decoder could be fooled into 
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thinking that What is image or other payload data is actually a 
start code and Will therefore decode the payload data incor 
rectly. This is referred to in the art as “emulation” because 
ordinary payload data is emulating a start code. 
[0013] In order to avoid emulation of the three-byte start 
code Within the NAL unit in H.264, certain rules are de?ned. 
First, the last byte of a NAL unit shall not be equal to 0x00. 
Secondly, Within a NAL unit, the folloWing three-byte 
sequences shall not occur at any byte-aligned position: 
[0014] 0x000000 
[0015] 0x000003 
[0016] 0x000002 
[0017] 0x000003 
[0018] Finally, Within a NAL unit, any four-byte sequence 
that starts With the three bytes 0x000003 other than the fol 
loWing sequences shall not occur at any byte-aligned posi 
tion: 
[0019] 0x00000300 
[0020] 0x00000301 
[0021] 0x00000302 
[0022] 0x00000303 
[0023] An encoder can produce a NAL unit from RBSP 
data (RBSP data is the raW bitstream data of an NAL unit 
before undergoing the folloWing procedure) by the folloWing 
procedure. 
[0024] The RBSP data is searched for byte-aligned bits of 
the folloWing binary patterns: 
[0025] “00000000, 00000000 000000xx” (Where xx repre 
sents any 2 bit pattern: 00, 01, 10, or 11), and a byte equal to 
0x03 is inserted betWeen the second and third bytes to replace 
these bit patterns With the bit patterns “00000000 00000000 
00000011 000000xx”; and, 
[0026] ?nally, When the last byte of the RBSP data is equal 
to 0x00, a ?nal byte equal to 0x03 is appended to the end of 
the data. 

[0027] Thus, in a NAL unit, in the encoder, the sequences 
mentioned above are “stuffed” With the byte 0x03 (known as 
a “stuf?ng byte”) to prevent start code emulation and the 
four-byte bit-aligned codes With 0x000003 cannot occur in a 
bitstream. Thus, the codes mentioned above become: 
[0028] l. 0x00000300 
[0029] 2. 0x00000301 
[0030] 3. 0x00000302 
[0031] 4. 0x00000303 
[0032] During decoding, a decoder shall recognise the 
stu?ing byte 0x03 in a bit-aligned sequence of 0x000003 and 
discard it from the bitstream. The prior art method operates on 
bit-level streams. The bit-handling functions, such as “get_ 
bits_ep”, “put_bit_ep” and “next bits_ep”, Which are used for 
reading and Writing on a stream, handle the emulation pre 
vention process. While reading or Writing to a stream, an 
updated number of Zeros is used for determining possible 
emulation. 
[0033] Inparticular, referring to the prior art decoder shoWn 
schematically in FIG. 1, in step 10, the emulation prevention 
is done When a possible emulation is true. To determine 
pre-emulation, the number of Zeros and read length are used. 
If the possible emulation ?ag is true, the prevention step is 
executed. Else, step 40 is executed. 
[0034] In step 20, the bit-handling functions look for emu 
lation prevention and a stuf?ng byte in the pointer ranges. If 
the bitstream sequence includes a stu?ing byte, step 30 is 
executed. Else, step 40 is executed. 
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[0035] In step 30, the stuf?ng byte for emulation prevention 
is discarded according to the bitstream position and pointer. 
[0036] In step 40, the number of Zeros is updated according 
to read value. If the value is Zero, the read length is added to 
number of Zeros. The maximum number for non-Zero value is 
length-1, so the number of Zero becomes read_length-1. 
[0037] This approach means that the number of consecutive 
Zeros has to be counted, Which can be time-consuming and is 
in fact not necessary most of the time given that stu?ing bytes 
in practice only represent a small part of the number of bytes 
that are present in the data. An alternative is to extract NAL 
units from the bitstream and pre-search the NAL unit for 
stuf?ng bytes. HoWever, this has a time and processing cost 
given that it requires a pre-search of all of the NAL units in a 
bitstream. 
[0038] According to a ?rst aspect of the invention, there is 
provided a method of decoding data that contains payload 
data, start codes and stu?ing data that prevents emulation of 
start codes Within the data, the method comprising, prior to 
decoding the data: 
[0039] (a) reading a portion of the data for decoding of the 
data; 
[0040] (b) substantially simultaneously With reading said 
portion of the data for decoding of the data, checking said 
portion of the data for the presence of stu?ing data; 
[0041] (c) if stu?ing data is present, discarding the stuf?ng 
data from said portion of the data; 
[0042] (d) repeating steps (a) to (c) for further portions of 
the data; and, 
[0043] (e) decoding the remaining data. 
[0044] The overhead that is normally associated With emu 
lation prevention is reduced in this aspect by virtue of com 
bining the decoder read operation With the operation of 
checking for the presence of stu?ing data. The need to search 
through and/or count Zeroes as in the prior art is avoided. 
Also, in the preferred embodiment, the number of load opera 
tions is reduced because the bit stream is parsed only once. As 
a result, cache misses are also reduced. The emulation pre 
vention control procedure does not need extra read or Write 
operations because control is done over the already-read byte 
(s) (or the ready-for-Write byte(s) in the encoder process 
discussed beloW) during the decoder read procedure. 
[0045] Preferably the checking is only carried out When 
said portion of the data is byte-aligned. This is particularly 
applicable to H.264-type encoded data and provides a natural 
speed optimisation in that a pre-search of a sequence in a 
stream as in the prior art is avoided. 

[0046] Preferably a state machine is used during the read 
ing and checking steps. This approach adds only a small 
cyclic overhead as the state machine conditions are rarely 
true, so the cost of the check operation is less than the cost of 
searching or counting consecutive Zeroes as in the prior art. 

[0047] Preferably the state of the state machine is 
unchanged in the case that said portion of the data that is read 
is not byte-aligned. This helps to decrease the total amount of 
state control that is used during a bit-Wise read/Write opera 
tion for H.264 in particular. 
[0048] In an embodiment, an end state of the state machine 
indicates that stu?ing data has been located in said portion of 
the data. 

[0049] Preferably the state of the state machine is checked, 
and possibly changed, only When one or more complete bytes 
of data have been read for decoding of the data. Again, this 
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helps to decrease the total amount of state control that is used 
during a bit-Wise read/Write operation. 
[0050] Preferably the state of the state machine changes if 
the data read for decoding of the data includes one of the bytes 
0x00 and 0x03 Where 0x03 is a stu?ing byte. 
[0051] In one preferred embodiment, the state machine has 
four states, said states being: 
[0052] a ?rst state State_0 Which is a start state; 
[0053] a second state State_1 to Which the state machine 
moves in the case that the state machine Was in State_0 and 
the next byte read is 0x00; 
[0054] a third state State_2 to Which the state machine 
moves in the case that the state machine Was in State_1 and 
the next byte read is 0x00, else the state machine reverting to 
State_0 in the case that 
[0055] the state machine Was in State_1 and the next byte 
read is not 0x00; and, 
[0056] a fourth state State_3, Which is an end state, to Which 
the state machine moves in the case that the state machine Was 
in State_2 and the next byte read is 0x03 Where 0x03 is a 
stu?ing byte, else the state machine reverting to State_0 in the 
case that the state machine Was in State_2 and the next byte 
read is not 0x03. 

[0057] According to a second aspect of the invention, there 
is provided a decoder for decoding data that contains payload 
data, start codes and stu?ing data that prevents emulation of 
start codes Within the data, the decoder comprising: 
[0058] a data checker; and, 
[0059] a data decoder; 
[0060] and being constructed and arranged so as, prior to 
decoding the data: 
[0061] (a) to read a portion of said data for decoding of the 
data; 
[0062] (b) substantially simultaneously With reading said 
portion of the data for decoding of the data, to check said 
portion of the data for the presence of stuf?ng data; 
[0063] (c) if stu?ing data is present, to discard the stu?ing 
data from said portion of the data; 
[0064] (d) to repeat steps (a) to (c) for furtherportions of the 
data; and, 
[0065] (e) to decode the remaining data. 
[0066] Preferred embodiments of the decoder correspond 
to preferred embodiments of the decoding method described 
above. 
[0067] According to a third aspect of the invention, there is 
provided a method of encoding data that contains payload 
data and start codes, the method comprising, prior to encod 
ing the data: 
[0068] (a) Writing a portion of the data for encoding of the 
data; 
[0069] (b) substantially simultaneously With Writing said 
portion of the data for encoding of the data, checking said 
portion of the data for the presence of code that emulates said 
start codes; 
[0070] (c) if start code-emulating data is present, inserting 
stu?ing data into said portion of the data; 
[0071] (d) repeating steps (a) to (c) for further portions of 
the data; and, 
[0072] (e) encoding the data. 
[0073] As for the decoder side, the overhead that is nor 
mally associated With emulation prevention is reduced in this 
aspect by virtue of combining the encoder read operation With 
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the operation of checking for the need to insert stu?ing data. 
The need to search through and/or count Zeroes as in the prior 
art is avoided. 
[0074] Preferably the checking is only carried out When 
said portion of the data is byte-aligned. 
[0075] Preferably a state machine is used during the Writing 
and checking steps. 
[0076] Preferably the state of the state machine is 
unchanged in the case that said portion of the data that is 
Written for encoding of the data is not byte-aligned. This helps 
to decrease the total amount of state control that is used during 
a bit-Wise read/Write operation for H.264 in particular. 
[0077] In an embodiment, an end state of the state machine 
indicates that stuf?ng data needs to be inserted into said 
portion of the data. 
[0078] Preferably the state of the state machine is checked, 
and possibly changed, only When one or more complete bytes 
of data have been Written for encoding of the data. 
[0079] Preferably the state of the state machine changes if 
the data Written for encoding of the data includes one of the 
bytes 0x00, 0x01, 0x02 and 0x03. 
[0080] In one preferred embodiment, the state machine has 
four states, said states being: 
[0081] a ?rst state State_0 Which is a start state; 
[0082] a second state State_1 to Which the state machine 
moves in the case that the state machine Was in State_0 and 
the next byte Written is 0x00; 
[0083] a third state State_2 to Which the state machine 
moves in the case that the state machine Was in State_1 and 
the next byte Written is 0x00, else the state machine reverting 
to State_0 in the case that the state machine Was in State_1 
and the next byte Written is not 0x00; and, 
[0084] a fourth state State_3, Which is an end state, to Which 
the state machine moves in the case that the state machine Was 
in State_2 and the next byte Written is 0x00, 0x01, 0x02 or 
0x03, else the state machine reverting to State_0 in the case 
that the state machine Was in State_2 and the next byte Written 
is not 0x00, 0x01, 0x02 or 0x03; 
[0085] and Wherein, When in the fourth state State_3 and 
the next byte Written is 0x00 the state machine moves to the 
second state State_1, and When in the fourth state State_3 and 
the next byte Written is not 0x01, 0x02 or 0x03 the state 
machine moves to the ?rst state State_0. 
[0086] According to a fourth aspect of the invention, there 
is provided an encoder for encoding data that contains pay 
load data and start codes, the encoder comprising: 
[0087] a data checker; and, 
[0088] a data encoder; 
[0089] and being constructed and arranged so as, prior to 
encoding the data: 
[0090] (a) to Write a portion of the data for encoding of the 
data; 
[0091] (b) substantially simultaneously With Writing said 
portion of the data for encoding of the data, to check said 
portion of the data for the presence of code that emulates said 
start codes; 
[0092] (c) if start code-emulating data is present, to insert 
stuf?ng data into said portion of the data; 
[0093] (d) to repeat steps (a) to (c) for furtherportions of the 
data; and, 
[0094] (e) to encode the data. 
[0095] Preferred embodiments of the encoder correspond 
to preferred embodiments of the encoding method described 
above. 
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[0096] According to a ?fth aspect of the invention, there is 
provided a method of detecting stuf?ng bytes in encoded data, 
the method comprising reading the encoded data for decoding 
of the data and to look for stu?ing bytes in the encoded data, 
the method using a state machine Whilst reading the encoded 
data to track When a stu?ing byte in the encoded data is 
encountered. 
[0097] Because in this aspect, a state machine is used and 
the state machine conditions in practice are rarely true, the 
cyclical overhead is small and so the cost of the check opera 
tion to look for stu?ing bytes is less than the cost of searching 
or counting consecutive Zeroes operation as in the prior art. 
[0098] Preferably the state of the state machine is 
unchanged in the case that a portion of the encoded data that 
is read for decoding of the data is not byte-aligned. 
[0099] Preferably an end state of the state machine indi 
cates that stu?ing data has been located in said portion of the 
data. 
[0100] Preferably the state of the state machine is checked, 
and possibly changed, only When one or more complete bytes 
of data have been read for decoding of the data. 
[0101] Preferably the state of the state machine changes if 
the data read for decoding of the data includes one of the bytes 
0x00 and 0x03 Where 0x03 is a stu?ing byte. 
[0102] Preferably the state machine has four states, said 
states being: 
[0103] a ?rst state State_0 Which is a start state; 
[0104] a second state State_1 to Which the state machine 
moves in the case that the state machine Was in State_0 and 
the next byte read is 0x00; 
[0105] a third state State_2 to Which the state machine 
moves in the case that the state machine Was in State_1 and 
the next byte read is 0x00, else the state machine reverting to 
State_0 in the case that the state machine Was in State_1 and 
the next byte read is not 0x00; and, 
[0106] a fourth state State_3, Which is an end state, to Which 
the state machine moves in the case that the state machine Was 
in State_2 and the next byte read is 0x03 Where 0x03 is a 
stu?ing byte, else the state machine reverting to State_0 in the 
case that the state machine Was in State_2 and the next byte 
read is not 0x03. 
[0107] According to a sixth aspect of the invention, there is 
provided apparatus for detecting stu?ing bytes in encoded 
data, the apparatus comprising a reader for reading encoded 
data for decoding of the data and to look for stu?ing bytes in 
the encoded data, the apparatus having a state machine Which 
is used Whilst reading the encoded data for decoding of the 
data to track When a stu?ing byte in the encoded data is 
encountered. 
[0108] Preferred embodiments of the stu?ing byte-detect 
ing apparatus correspond to preferred embodiments of the 
stu?ing byte-detecting method described above. 
[0109] According to a seventh aspect of the invention, there 
is provided a method of inserting stu?ing bytes into data that 
contains payload data and start codes, the method comprising 
Writing the data for encoding of the data and to look for the 
presence of code that emulates said start codes, the method 
using a state machine Whilst Writing the data for encoding of 
the data to track When a stu?ing byte needs to be inserted into 
the data to avoid code that emulates start codes being present 
in the data. 
[0110] Again, because in this aspect, a state machine is 
used and the state machine conditions in practice are rarely 
true, the cyclical overhead is small and so the cost of the check 
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operation to look for the need to insert stu?ing bytes is less 
than the cost of searching or counting consecutive Zeroes 
operation as in the prior art. 
[0111] Preferably the state of the state machine is 
unchanged in the case that a portion of the data that is Written 
for encoding of the data is not byte-aligned. 
[0112] Preferably an end state of the state machine indi 
cates that a stuf?ng byte needs to be inserted into the data. 
[0113] Preferably the state of the state machine is checked, 
and possibly changed, only When one or more complete bytes 
of data have been Written for encoding of the data. 
[0114] Preferably the state of the state machine changes if 
the data Written for encoding of the data includes one of the 
bytes 0x00, 0x01, 0x02 and 0x03. 
[0115] Preferably the state machine has four states, said 
states being: 
[0116] a ?rst state State_0 Which is a start state; 
[0117] a second state State_1 to Which the state machine 
moves in the case that the state machine Was in State_0 and 
the next byte Written is 0x00; 
[0118] a third state State_2 to Which the state machine 
moves in the case that the state machine Was in State_1 and 
the next byte Written is 0x00, else the state machine reverting 
to State_0 in the case that the state machine Was in State_1 
and the next byte Written is not 0x00; and, 
[0119] a fourth state State_3, Which is an end state, to Which 
the state machine moves in the case that the state machine Was 

in State_2 and the next byte Written is 0x00, 0x01, 0x02 or 
0x03, else the state machine reverting to State_0 in the case 
that the state machine Was in State_2 and the next byte Written 
is not 0x00, 0x01, 0x02 or 0x03; 
[0120] and Wherein, When in the fourth state State_3 and 
the next byte Written is 0x00 the state machine moves to the 
second state State_1, and When in the fourth state State_3 and 
the next byte Written is not 0x01, 0x02 or 0x03 the state 
machine moves to the ?rst state State_0. 
[0121] According to an eighth aspect of the invention, there 
is provided apparatus for inserting stu?ing bytes into data that 
contains payload data and start codes, the apparatus compris 
ing a Writer for Writing the data for encoding of the data and 
to look for the presence of code that emulates said start codes, 
the apparatus having a state machine Which is used Whilst 
Writing the data for encoding of the data to track When a 
stuf?ng byte needs to be inserted into the data to avoid code 
that emulates start codes being present in the data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0122] Preferred embodiments of the stuf?ng byte-inser 
tion apparatus correspond to preferred embodiments of the 
stuf?ng byte-insertion method described above. 
[0123] Embodiments of the invention Will noW be 
described by Way of example With reference to the accompa 
nying draWings, in Which: 
[0124] FIG. 1 shoWs a schematic ?oW diagram of a prior art 
method of emulation prevention; 
[0125] FIG. 2 shoWs a schematic ?oW diagram of an 
example of a method of emulation prevention in accordance 
With an embodiment of the invention; 
[0126] FIG. 3 shoWs a more detailed ?oW diagram of the 
method of FIG. 2; 
[0127] FIG. 4 shoWs schematically an example of the 
decoder read and emulation prevention in accordance With an 
embodiment of the invention; 
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[0128] FIG. 5 shows schematically an example of the 
encoder Write and emulation prevention in accordance With 
an embodiment of the invention; 
[0129] FIG. 6 shoWs schematically an example of the 
decoder bitstream and buffer operation in accordance With an 
embodiment of the invention; 
[0130] FIG. 7 shoWs an example of a state machine for use 
during decoding in accordance With an embodiment of the 
invention; 
[0131] FIG. 8 shoWs schematically an example of the 
encoder bitstream and buffer operation in accordance With an 
embodiment of the invention; and, 
[0132] FIG. 9 shoWs an example of a state machine for use 
during encoding in accordance With an embodiment of the 
invention. 

[0133] The invention has particular applicability to emula 
tion prevention of start codes in video/audio data, including in 
particular data that is encoded and decoded in accordance 
With the H.264 and similar (past or future) (video) coding 
standards. Nevertheless, the present invention is applicable 
Widely to encoding and decoding any data that has resynchro 
nisation markers and preventing emulation of the resynchro 
nisation markers by the data. 
[0134] The preferred embodiments use a buffer during the 
decoder read operations and the encoder Write operations as a 
temporary store for data that is being decoded or encoded. 
HoWever, a buffer is not essential and the emulation preven 
tion checking steps can be carried out effectively directly on 
the data stream as a neW byte is being read from or Written to 
the bitstream. 

[0135] Referring to FIG. 2, in overvieW an example of an 
embodiment of the invention operates as folloWs, this 
example relating to What occurs in a decoder. One or more 
state machines are used during the preferred decoding and 
encoding processes, as Will be discussed in more detail beloW. 

[0136] After or before a bitstream read/Write operation, an 
emulation prevention/byte stu?ing operation is performed. In 
step 100, for a bit-Wise read/Write call, the operation is con 
trolled for a neW byte-aligned operation. (As mentioned 
above, a position in a bitstream is “byte-aligned” When the 
position is an integer multiple of 8 bits from the position of the 
?rst bit in the bitstream.) If there is a neW byte-aligned opera 
tion, emulation control is executed as Will be discussed fur 
ther beloW. Else, the bit read/Write operation is executed 
Without state change of the state machine in step 500. 

[0137] In step 200, in emulation prevention control, the 
neW byte is checked to determine if the last (end) state of the 
state machine has been reached even there is a stu?ing byte in 
data sequence. 
[0138] In step 301, the byte is not a stu?ing byte, so the state 
machine is arranged according to the old state and data (the 
state being reset or set to the next state). 

[0139] In step 302, the byte is a stuf?ng byte, so emulation 
prevention is performed. Accordingly, in this decoder 
example, the stu?ing byte is discarded during the buffer read/ 
Write operation and the stream/buffer is updated Without the 
stu?ing byte. The iteration is performed for all of the bytes 
during the read/Write operation With a predetermined bit 
length parameter. 
[0140] In step 400, for none stuf?ng byte(s) operation, the 
buffer and stream updates are performed With the data byte(s). 
The iteration is performed for all of the bytes in the read/Write 
operation With a predetermined bit length parameter. 
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[0141] In step 500, the buffer is updated With bit(s) of a 
non-stuf?ng byte element and the byte position of the stream 
is not changed. 
[0142] Reference Will noW be made to FIG. 3 to discuss 
some of these steps in more detail. Those steps that are the 
same as discussed With reference to FIG. 2 Will not be dis 
cussed here in detail. 

[0143] If in step 100 it is determined that there is a neW 
byte-aligned operation, then in step 120 the neW byte for 
read/Write is gathered. Else, the bit read/Write operation With 
out state change is carried out in step 450 prior to the updating 
of the buffer in step 500. 
[0144] In step 140, the byte is controlled if there is going to 
be a change in state. The state variation control is done for all 
possible states in the state machine except the end state. For a 
state change to the next state, step 160 is executed. 
[0145] In step 160, the intermediate steps of the state 
machine are executed, so the transition to the next state is 
provided as Will be discussed further beloW. 

[0146] In step 200, for non-intermediate states, byte data is 
controlled if the data is at the last state of the emulation/byte 
stuf?ng state machine. If it is not the last state data, step 180 
is executed to reset the state machine. For the opposite con 
dition, it means that there is start code emulation and this byte 
is a stuf?ng byte, so the emulation prevention procedure has 
to be executed in step 302. 

[0147] In step 180, there is no emulation prevention byte in 
the byte sequence, so the state machine is reset (to state 0 in 
the example discussed further beloW). 
[0148] Step 302 is the emulation prevention byte determi 
nation and operation procedure. In this step, the buffers are 
updated or ?lled Without that stuf?ng byte and the next byte 
after the stuf?ng byte in the bitstream is used. 
[0149] In step 450, in the case that there is no neW byte 
aligned operation, a bit-Wise operation procedure is carried 
out such that the state machine state does not change at that 
part because NAL start code emulation Would be in a byte 
aligned position. This procedure is the pre-buffer updating 
part of the sub-routine for bit read/Write operation. Subse 
quently, in step 500, the bit read/Write operation is carried out 
according to control of the bit position and checking of the 
state (only for read operation). 
[0150] As mentioned, the steps discussed above are carried 
out in the decoder during the decoding process in order to 
look out for stu?ing bytes Which have been inserted into the 
bitstream by an encoder in order to prevent emulation of start 
codes in the bitstream. In short, a state machine is used to 
alloW checking of the presence of a stu?ing byte at the same 
time that the buffer is updating With a byte-aligned read/Write 
operation. By checking bytes and updating states in the state 
machine Whilst bytes are being read or Written, the speed of 
operation is much faster than the bit-Wise pre-search of the 
Whole bitstream as in the prior art discussed above. The steps 
carried out in an encoder during the encoding process are 
similar (i.e. look for the need to insert a stu?ing byte using a 
state machine to track the bytes that have been read) as Will be 
appreciated from the detailed examples given beloW. For 
example, in step 450, for the decoder side, the stuf?ng byte 
should be discarded. For that purpose only the state of the 
state machine is checked for the last state and the read byte. 
For a stuf?ng byte situation, the next byte’s bits are fetched. 
For the encoder side, the bit-Wise operations are ordinary bit 
reads/Writes and nothing needs to be done in that step because 
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the byte-aligned read/Write is controlled for start code emu 
lation. In any event, the eight bits that are ?lled in a byte is 
controlled. 

[0151] Thus, as shoWn schematically in FIG. 4, in the 
decoder, bytes being read into the decoder buffer, Which 
receives bytes from the bitstream, are monitored for the byte 
pattern “0x000003” and any stuf?ng bytes are discarded (or, 
equivalently, overjumped). This leaves the raW byte stream 
payload (RBSP) data Which can then be decoder by the 
decoder to provide, in this case, video data for display on a 
display device. On the other hand and analogously, as shoWn 
schematically in FIG. 5, in the encoder, bytes from the bit 
stream that is encoded by the encoder are Written as RBSP 
data Which is monitored for the presence of emulated start 
codes (i.e. for the patterns “00000000 00000000 000000xx” 
Where xx is a 00, 01, 10 or 1 1 tWo bit pattern). If an emulated 
start code is identi?ed, a stuf?ng byte is added as necessary 
before passing the data to the buffer prior to transmission to a 
decoder. 

[0152] Referring noW to FIGS. 6 and 7, an example of the 
operation of one example of a state machine used by a 
decoder in the decoding process Will noW be described. By 
Way of example, the incoming bitstream may be: 

Y 

i 
00 00 00 01 xx xx xx xx xx 20 00 26 00 00 03 01 07 xx xx (Hex value) 

Where “xx” means that the value is irrelevant for this purpose. 
Initially, buffer pointerI0 (i.e. the buffer pointer is at byte 
position 0), read_Buf_0I(xxx Read_Buf_1I(xxx, and the 
state of the state machine is 0 (the start state State_0). 
[0153] Subsequently, the buffer pointer may be at byte 
positionY (shoWn above), bit positionI0, and the state of the 
state machine is 0. Examples of the next steps are shoWn in the 
folloWing table: 

TABLE 1 

Buffer Bit position in 
pointer the byte Number of bits 
position ReadiBuf State (0-7) to be read 

Step 1 Y xx 20 00 26 0 0 12 
Step 2 Y +1 00 02 60 00 1 4 2 
Step 3 Y +1 00 09 80 00 1 6 2 
Step4 Y+2 00260000 2 0 7 
Step 5 Y + 4 13 00 00 00 0 7 1 
Step 6 Y+5 26 00 00 01 0 0 x 

xx = Don’t care, Emulation stale, Emulation prevention 

[0154] In Step 1, the buffer pointer is at Y, state is 0 (the 
beginning state), bit position of a byte is 0, and, by Way of 
example, 12 bits Will be read from the bit stream. 
[0155] In Step 2, for the 12 bits read, the buffer pointer is at 
Y+1 (12/8I1) and the bit position is 4 (12%8). Referring to 
the state machine shoWn in FIG. 7, the state is 1 because byte 
“00” is read. 2 bits Will be read from the stream. 

[0156] In Step 3, for the 2 bits read, the buffer pointer 
position does not change (bit position 4+2I6<8), and the bit 
position is 6 (old bit position 4+2). There is no neW byte read 
so no change in state. 2 bits Will be read. 
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[0157] In Step 4, for the 2 bits read, bit position is 6+2I8 e 
0 (mod 8) so the bufferpointerposition Will beY+2. The state 
is 2 because old state is 1 and a “00” is read. 7 bits Will be read 
from the stream. 
[0158] In Step 5, the read number is 7 and the next value 
(Y+3) is “03”, so the byte after “03” Will be obtained, ie the 
emulation prevention (stu?ing) byte is detected. To prevent 
the emulation, the buffer pointer is moved to Y+4 (i.e. the 
buffer is jumped over positionY+3). Thus, after the 7 bits are 
read, the buffer pointer is Y+4 and the state is 0 (the state is 
cleared). Bit position is 0+7I7. 1 bit Will be read. 
[0159] In Step 6, after the 1 bit is read, the bit position is 
7+1I8 e 0 (mod 8), so the pointer is Y+5, bit position is 0, 
and there is no change in state. 
[0160] In summary in this example, at buffer pointerY+2, 
the state is 2 and the next value is “03” so the read operation 
has to be discarded (or prevented). The byte “01” after the 
“03” has to be read as shoWn in example. 
[0161] According to the state machine, the check_?ll_ep( ) 
function computes the states according to incoming bytes and 
if the state is 2 (meaning that tWo “00” bytes in a roW have 
been seen) and then the next byte is “03”, the next byte after 
the byte “03” is read. 
[0162] Referring noW to FIGS. 8 and 9, an example of the 
operation of one example of a state machine used by an 
encoder in the encoding process Will noW be described. In this 
case, the encoder Write buffer receives the Write bits (from the 
raW byte stream payload (RBSP)) and, as the encoder Write 
buffer ?lls, the bytes are Written to the main bitstream for 
eventual onWard transmission, the Write buffer then being 
empty. The main bitstream is alWays Written to in a byte 
aligned manner and the pointer position Y is updated incre 
mentally: 

Y (alWays byte-aligned position) 

i 
—> 00 00 00 01 xx xx xx xx (Hex value) 

Buffer pointer I Y, WritefBuffO I xxxx, state I 0 

[0163] At a later time, the buffer pointer is at Y, bit posi 
tionI0, and stateI0, and the next steps are shoWn in sequence 
in the folloWing table: 

TABLE 2 

Buffer Bit position number ofbits to be 
pointer WriteiBuf State in byte (0-7) Written 

Y Empty 0 0 12 (0x200) 
Y xx xx x2 00 0 4 4 (0x6) 
Y xx xx 20 06 0 0 7 (0x00) 
Y xx 10 03 00 0 7 1 (binary 0) 
Y 20 06 00 00 0 0 9 (0x 00 00) 
Y Full Write the temporary buffer to main stream 

Y+1 060000xx 0 MS:00000001xxxxxxxx20 
Y+2 0000xxxx 0 MS:000001xxxxxxxx2006 
Y+3 00xxxxxx 1 MS:0001xxxxxxxx200600 
Y+4 Empty 2 MS:01 xxxxxxxx 20 06 00 00 

After iterations WriteiBufWill get Full again 

Y + 4 00 00 03 FF 2 I I 

Y + 4 Full Write the temporary buffer to main stream 
Y+6 0003 FFxx 1 MS:xxxxxx200600000300 
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TABLE 2-continued 

Buffer 
pointer WriteiBuf State 

Bit position number ofbits to be 
in byte (0-7) Written 

Y+5 03 FFxxxx 2 MS:xxxx20 06 00 0003 00 00 
Y+7 FFxxxxxx 0 MS:2006 00 00 03 0000 03 03 
Y + 8 Empty 0 MS: 06 00 00 03 00 00 03 03 FF 

xx = Don’t care, 

MS is Main bit Stream, 
Emulation stale, Emulation prevention 

[0164] In the example above, the write operations to the 
main bit stream are controlled with a temporary cache buffer. 
When the Write_Buf becomes full, the contents of the buffer 
are written to the main stream whilst controlling the emula 
tion of start codes. The Write_Buf length n in one example is 
4 (i.e. a 4-byte length). However, it will be understood that in 
general 11 may be any integer value nIl, 2, 3, . . . N+. 
[0165] According to the state machine for the encoder 
shown by way of example in FIG. 9, the check_?ll_ep( ) 
function computes the states according to the Write_Buf 
bytes and, if the state is 2 (meaning that two “00” bytes have 
been written) and the next byte is “00” or “01” or “02” or 
“03”, a stuf?ng byte “03” is inserted into the main stream. The 
next byte is then inserted as shown in the table above. 
[0166] Embodiments of the invention have been described 
with particular reference to the examples illustrated. How 
ever, it will be appreciated that variations and modi?cations 
may be made to the examples described within the scope of 
the present invention. 

1. A method of decoding data that contains payload data, 
start codes and stuf?ng data that prevents emulation of start 
codes within the data, the method comprising, prior to decod 
ing the data: 

(a) reading a portion of the data for decoding of the data; 
(b) substantially simultaneously with reading said portion 

of the data for decoding of the data, checking said por 
tion of the data for the presence of stuf?ng data; 

(c) if stuf?ng data is present, discarding the stuf?ng data 
from said portion of the data; 

(d) repeating steps (a) to (c) for further portions of the data; 
and, 

(e) decoding the remaining data. 
2. A method according to claim 1, wherein the checking is 

only carried out when said portion of the data is byte-aligned. 
3. A method according to claim 1, wherein a state machine 

is used during the reading and checking steps. 
4. A method according to claim 3, wherein the state of the 

state machine is unchanged in the case that said portion of the 
data that is read is not byte-aligned. 

5. A method according to claim 3, wherein an end state of 
the state machine indicates that stuf?ng data has been located 
in said portion of the data. 

6. A method according to claim 3, wherein the state of the 
state machine is checked, and possibly changed, only when 
one or more complete bytes of data have been read for decod 
ing of the data. 

7. A method according to claim 6, wherein the state of the 
state machine changes if the data read for decoding of the data 
includes one of the bytes 0x00 and 0x03 where 0x03 is a 
stuf?ng byte. 

8. A method according to claim 3, wherein the state 
machine has four states, said states being: 
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a ?rst state State_0 which is a start state; 
a second state State_1 to which the state machine moves in 

the case that the state machine was in State_0 and the 
next byte read is 0x00; 

a third state State_2 to which the state machine moves in 
the case that the state machine was in State_1 and the 
next byte read is 0x00, else the state machine reverting to 
State_0 in the case that the state machine was in State_1 
and the next byte read is not 0x00; and, 

a fourth state State_3, which is an end state, to which the 
state machine moves in the case that the state machine 
was in State_2 and the next byte read is 0x03 where 0x03 
is a stuf?ng byte, else the state machine reverting to 
State_0 in the case that the state machine was in State_2 
and the next byte read is not 0x03. 

9. A decoder for decoding data that contains payload data, 
start codes and stuf?ng data that prevents emulation of start 
codes within the data, the decoder comprising: 

a data checker; and, 
a data decoder; 
andbeing constructed and arranged so as, prior to decoding 

the data: 
(a) to read a portion of said data for decoding of the data; 
(b) substantially simultaneously with reading said portion 

of the data for decoding of the data, to check said portion 
of the data for the presence of stuf?ng data; 

(c) if stuf?ng data is present, to discard the stuf?ng data 
from said portion of the data; 

(d) to repeat steps (a) to (c) for further portions of the data; 
and, 

(e) to decode the remaining data. 
10. A decoder according to claim 9, constructed and 

arranged so that the checking is only carried out when said 
portion of the data is byte-aligned. 

11. A decoder according to claim 9, comprising a state 
machine for use during the reading and checking. 

12. A decoder according to claim 11, constructed and 
arranged so that the state of the state machine is unchanged in 
the case that said portion of the data that is read for decoding 
of the data is not byte-aligned. 

13. A decoder according to claim 11, wherein an end state 
of the state machine indicates that stuf?ng data has been 
located in said portion of the data. 

14. A decoder according to claim 11, constructed and 
arranged so that the state of the state machine is checked, and 
possibly changed, only when one or more complete bytes of 
data have been read for decoding of the data. 

15. A decoder according to claim 14, constructed and 
arranged so that the state of the state machine changes if the 
data read for decoding of the data includes one of the bytes 
0x00 and 0x03 where 0x03 is a stuf?ng byte. 

16. A decoder according to claim 11, wherein the state 
machine has four states, said states being: 

a ?rst state State_0 which is a start state; 
a second state State_1 to which the state machine moves in 

the case that the state machine was in State_0 and the 
next byte read is 0x00; 

a third state State_2 to which the state machine moves in 
the case that the state machine was in State_1 and the 
next byte read is 0x00, else the state machine reverting to 
State_0 in the case that the state machine was in State_1 
and the next byte read is not 0x00; and, 

a fourth state State_3, which is an end state, to which the 
state machine moves in the case that the state machine 
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was in State_2 and the next byte read is 0x03 Where 0x03 
is a stu?ing byte, else the state machine reverting to 
State_0 in the case that the state machine Was in State_2 
and the next byte read is not 0x03. 

17. A method of encoding data that contains payload data 
and start codes, the method comprising, prior to encoding the 
data: 

(a) Writing a portion of the data for encoding of the data; 
(b) substantially simultaneously With Writing said portion 

of the data for encoding of the data, checking said por 
tion of the data for the presence of code that emulates 
said start codes; 

(c) if start code-emulating data is present, inserting stu?ing 
data into said portion of the data; 

(d) repeating steps (a) to (c) for further portions of the data; 
and, 

(e) encoding the data. 
18. A method according to claim 17, Wherein the checking 

is only carried out When said portion of the data is byte 
aligned. 

19. A method according to claim 17, Wherein a state 
machine is used during the Writing and checking steps. 

20. A method according to claim 19, Wherein the state of 
the state machine is unchanged in the case that said portion of 
the data that is Written for encoding of the data is not byte 
aligned. 

21. A method according to claim 19, Wherein an end state 
of the state machine indicates that stu?ing data needs to be 
inserted into said portion of the data. 

22. A method according to claim 19, Wherein the state of 
the state machine is checked, and possibly changed, only 
When one or more complete bytes of data have been Written 
for encoding of the data. 

23. A method according to claim 22, Wherein the state of 
the state machine changes if the data Written for encoding of 
the data includes one of the bytes 0x00, 0x01, 0x02 and 0x03. 

24. A method according to claim 19, Wherein the state 
machine has four states, said states being: 

a ?rst state State_0 Which is a start state; 
a second state State_1 to Which the state machine moves in 

the case that the state machine Was in State_0 and the 
next byte Written is 0x00; 

a third state State_2 to Which the state machine moves in 
the case that the state machine Was in State_1 and the 
next byte Written is 0x00, else the state machine revert 
ing to State_0 in the case that the state machine Was in 
State_1 and the next byte Written is not 0x00; and, 

a fourth state State_3, Which is an end state, to Which the 
state machine moves in the case that the state machine 
Was in State_2 and the next byte Written is 0x00, 0x01, 
0x02 or 0x03, else the state machine reverting to State_0 
in the case that the state machine Was in State_2 and the 
next byte Written is not 0x00, 0x01, 0x02 or 0x03; 

and Wherein, When in the fourth state State_3 and the next 
byte Written is 0x00 the state machine moves to the 
second state State_1, and When in the fourth state 
State_3 and the next byte Written is not 0x01, 0x02 or 
0x03 the state machine moves to the ?rst state State_0. 

25. An encoder for encoding data that contains payload 
data and start codes, the encoder comprising: 

a data checker; and, 
a data encoder; 
andbeing constructed and arranged so as, prior to encoding 

the data: 
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(a) to Write a portion of the data for encoding of the data; 
(b) substantially simultaneously With Writing said portion 

of the data for encoding of the data, to check said portion 
of the data for the presence of code that emulates said 
start codes; 

(c) if start code-emulating data is present, to insert stu?ing 
data into said portion of the data; 

(d) to repeat steps (a) to (c) for further portions of the data; 
and, 

(e) to encode the data. 
26. An encoder according to claim 25, constructed and 

arranged so that the checking is only carried out When said 
portion of the data is byte-aligned. 

27. An encoder according to claim 25, comprising a state 
machine for use during the Writing and checking. 

28. An encoder according to claim 27, constructed and 
arranged so that the state of the state machine is unchanged in 
the case that said portion of the data that is Written for encod 
ing of the data is not byte-aligned. 

29. An encoder according to claim 27, Wherein an end state 
of the state machine indicates that stu?ing data needs to be 
inserted into said portion of the data. 

30. An encoder according to claim 27, constructed and 
arranged so that the state of the state machine is checked, and 
possibly changed, only When one or more complete bytes of 
data have been Written for encoding of the data. 

31. An encoder according to claim 30, constructed and 
arranged so that the state of the state machine changes if the 
data Written for encoding of the data includes one of the bytes 
0x00, 0x01, 0x02 and 0x03. 

32. An encoder according to claim 26, Wherein the state 
machine has four states, said states being: 

a ?rst state State_0 Which is a start state; 

a second state State_1 to Which the state machine moves in 
the case that the state machine Was in State_0 and the 
next byte Written is 0x00; 

a third state State_2 to Which the state machine moves in 
the case that the state machine Was in State_1 and the 
next byte Written is 0x00, else the state machine revert 
ing to State_0 in the case that the state machine Was in 
State_1 and the next byte Written is not 0x00; and, 

a fourth state State_3, Which is an end state, to Which the 
state machine moves in the case that the state machine 

Was in State_2 and the next byte Written is 0x00, 0x01, 
0x02 or 0x03, else the state machine reverting to State_0 
in the case that the state machine Was in State_2 and the 
next byte Written is not 0x00, 0x01, 0x02 or 0x03; 

and Wherein, When in the fourth state State_3 and the next 
byte Written is 0x00 the state machine moves to the 
second state State_1, and When in the fourth state 
State_3 and the next byte Written is not 0x01, 0x02 or 
0x03 the state machine moves to the ?rst state State_0. 

33. A method of detecting stu?ing bytes in encoded data, 
the method comprising reading the encoded data for decoding 
of the data and to look for stu?ing bytes in the encoded data, 
the method using a state machine Whilst reading the encoded 
data to track When a stu?ing byte in the encoded data is 
encountered. 

34. A method according to claim 33, Wherein the state of 
the state machine is unchanged in the case that a portion of the 
encoded data that is read for decoding of the data is not 
byte-aligned. 
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35. A method according to claim 33, wherein an end state 
of the state machine indicates that stu?ing data has been 
located in said portion of the data. 

36. A method according to claim 33, Wherein the state of 
the state machine is checked, and possibly changed, only 
When one or more complete bytes of data have been read for 
decoding of the data. 

37. A method according to claim 36, Wherein the state of 
the state machine changes if the data read for decoding of the 
data includes one of the bytes 0x00 and 0x03 Where 0x03 is a 
stu?ing byte. 

38. A method according to claim 33, Wherein the state 
machine has four states, said states being: 

a ?rst state State_0 Which is a start state; 
a second state State_1 to Which the state machine moves in 

the case that the state machine Was in State_0 and the 
next byte read is 0x00; 

a third state State_2 to Which the state machine moves in 
the case that the state machine Was in State_1 and the 
next byte read is 0x00, else the state machine reverting to 
State_0 in the case that the state machine Was in State_1 
and the next byte read is not 0x00; and, 

a fourth state State_3, Which is an end state, to Which the 
state machine moves in the case that the state machine 
Was in State_2 and the next byte read is 0x03 Where 0x03 
is a stu?ing byte, else the state machine reverting to 
State_0 in the case that the state machine Was in State_2 
and the next byte read is not 0x03. 

39. Apparatus for detecting stuf?ng bytes in encoded data, 
the apparatus comprising a reader for reading encoded data 
for decoding of the data and to look for stuf?ng bytes in the 
encoded data, the apparatus having a state machine Which is 
used Whilst reading the encoded data for decoding of the data 
to track When a stu?ing byte in the encoded data is encoun 
tered. 

40. Apparatus according to claim 39, constructed and 
arranged so that the state of the state machine is unchanged in 
the case that a portion of the encoded data that is read for 
decoding of the data is not byte-aligned. 

41. Apparatus according to claim 39, Wherein an end state 
of the state machine indicates that stu?ing data has been 
located in said portion of the data. 

42. Apparatus according to claim 39, constructed and 
arranged so that the state of the state machine is checked, and 
possibly changed, only When one or more complete bytes of 
data have been read for decoding of the data. 

43. Apparatus according to claim 42, constructed and 
arranged so that the state of the state machine changes if the 
data read for decoding of the data includes one of the bytes 
0x00 and 0x03 Where 0x03 is a stu?ing byte. 

44. Apparatus according to claim 39, Wherein the state 
machine has four states, said states being: 

a ?rst state State_0 Which is a start state; 
a second state State_1 to Which the state machine moves in 

the case that the state machine Was in State_0 and the 
next byte read is 0x00; 

a third state State_2 to Which the state machine moves in 
the case that the state machine Was in State_1 and the 
next byte read is 0x00, else the state machine reverting to 
State_0 in the case that the state machine Was in State_1 
and the next byte read is not 0x00; and, 

a fourth state State_3, Which is an end state, to Which the 
state machine moves in the case that the state machine 
Was in State_2 and the next byte read is 0x03 Where 0x03 
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is a stuf?ng byte, else the state machine reverting to 
State_0 in the case that the state machine Was in State_2 
and the next byte read is not 0x03. 

45. A method of inserting stu?ing bytes into data that 
contains payload data and start codes, the method comprising 
Writing the data for encoding of the data and to look for the 
presence of code that emulates said start codes, the method 
using a state machine Whilst Writing the data for encoding of 
the data to track When a stuf?ng byte needs to be inserted into 
the data to avoid code that emulates start codes being present 
in the data. 

46. A method according to claim 45, Wherein the state of 
the state machine is unchanged in the case that a portion of the 
data that is Written for encoding of the data is not byte 
aligned. 

47. A method according to claim 45, Wherein an end state 
of the state machine indicates that a stu?ing byte needs to be 
inserted into the data. 

48. A method according to claim 45, Wherein the state of 
the state machine is checked, and possibly changed, only 
When one or more complete bytes of data have been Written 
for encoding of the data. 

49. A method according to claim 48, Wherein the state of 
the state machine changes if the data Written for encoding of 
the data includes one of the bytes 0x00, 0x01, 0x02 and 0x03. 

50. A method according to claim 45, Wherein the state 
machine has four states, said states being: 

a ?rst state State_0 Which is a start state; 
a second state State_l to Which the state machine moves in 

the case that the state machine Was in State_0 and the 
next byte Written is 0x00; 

a third state State_2 to Which the state machine moves in 
the case that the state machine Was in State_1 and the 
next byte Written is 0x00, else the state machine revert 
ing to State_0 in the case that the state machine Was in 
State_1 and the next byte Written is not 0x00; and, 

a fourth state State_3, Which is an end state, to Which the 
state machine moves in the case that the state machine 

Was in State_2 and the next byte Written is 0x00, 0x01, 
0x02 or 0x03, else the state machine reverting to State_0 
in the case that the state machine Was in State_2 and the 
next byte Written is not 0x00, 0x01, 0x02 or 0x03; 

and Wherein, When in the fourth state State_3 and the next 
byte Written is 0x00 the state machine moves to the 
second state State_1, and When in the fourth state 
State_3 and the next byte Written is not 0x01, 0x02 or 
0x03 the state machine moves to the ?rst state State_0. 

51. Apparatus for inserting stuf?ng bytes into data that 
contains payload data and start codes, the apparatus compris 
ing a Writer for Writing the data for encoding of the data and 
to look for the presence of code that emulates said start codes, 
the apparatus having a state machine Which is used Whilst 
Writing the data for encoding of the data to track When a 
stuf?ng byte needs to be inserted into the data to avoid code 
that emulates start codes being present in the data. 

52. Apparatus according to claim 51, constructed and 
arranged so that the state of the state machine is unchanged in 
the case that a portion of the data that is Written for encoding 
of the data is not byte-aligned. 

53. Apparatus according to claim 51, Wherein an end state 
of the state machine indicates that a stu?ing byte needs to be 
inserted into the data. 

54. Apparatus according to claim 51, constructed and 
arranged so that the state of the state machine is checked, and 
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possibly changed, only When one or more complete bytes of 
data have been Written for encoding of the data. 

55. Apparatus according to claim 54, constructed and 
arranged so that the state of the state machine changes if the 
data Written for encoding of the data includes one of the bytes 
0x00, 0x01, 0x02 and 0x03. 

56. Apparatus according to claim 51, Wherein the state 
machine has four states, said states being: 

a ?rst state State_0 Which is a start state; 
a second state State_l to Which the state machine moves in 

the case that the state machine Was in State_0 and the 
next byte Written is 0x00; 

a third state State_2 to Which the state machine moves in 
the case that the state machine Was in State_l and the 
next byte Written is 0x00, else the state machine revert 
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ing to State_0 in the case that the state machine Was in 
State_l and the next byte Written is not 0x00; and, 

a fourth state State_3, Which is an end state, to Which the 
state machine moves in the case that the state machine 

Was in State_2 and the next byte Written is 0x00, 0x01, 
0x02 or 0x03, else the state machine reverting to State_0 
in the case that the state machine Was in State_2 and the 
next byte Written is not 0x00, 0x01, 0x02 or 0x03; 

and Wherein, When in the fourth state State_3 and the next 
byte Written is 0x00 the state machine moves to the 
second state State_l, and When in the fourth state 
State_3 and the next byte Written is not 0x01, 0x02 or 
0x03 the state machine moves to the ?rst state State_0. 

* * * * * 


